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(57) ABSTRACT 

An ECU executes a program including a step of outputting a 
doWnshift command to an automatic transmission on condi 
tions that a following distance control is being executed, that 
an acceleration pedal opening degree is detected, and that the 
detected acceleration pedal opening degree is greater than an 
opening degree threshold (A) set to be smaller than an open 
ing degree threshold (corresponding to a doWnshift speed 
change line) not during execution of the following distance 
control. 

2 Claims, 5 Drawing Sheets 
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VEHICLE CONTROL APPARATUS 

This nonprovisional application is based on Japanese 
Patent Application No. 2005-018334 ?led With the Japan 
Patent O?ice on Jan. 26, 2005 the entire contents of Which are 
hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a vehicle control apparatus 

equipped With an automatic transmission and, particularly, to 
a control apparatus for immediately responding to a driver’s 
intention to effect acceleration in a vehicle having a mecha 
nism for keeping a folloWing distance betWeen an oWn 
vehicle and a preceding vehicle coincident With a target dis 
tance. 

2. Description of the Background Art 
An automatic transmission mounted to a vehicle is con 

nected to an engine through a torque converter and the like, 
includes a speed change mechanism having a plurality of 
poWer transmission paths, and is formed to automatically 
sWitch betWeen the poWer transmission paths, i.e., sWitch 
betWeen speed change ratios (traveling speed gears) on the 
basis of an acceleration pedal opening degree (throttle open 
ing degree) and a vehicle speed. In general, a vehicle having 
an automatic transmission is provided With a shift lever to be 
operated by a driver, speed change positions (e.g., a reverse 
traveling position, a neutral position, and a forWard traveling 
position) are set on the basis of operation of the shift lever. 
Within the speed change positions set in this Way (normally, 
Within the forWard traveling position), an automatic speed 
change control is carried out. 

Normally, in the forWard traveling position selected during 
traveling of the vehicle, a speed change control is executed on 
the basis of speed change lines (speed change maps) deter 
mined by the vehicle speed and the throttle opening degree. 
Such speed change lines are set separately in a case of upshift 
and in a case of doWnshift. If the same speed change line is 
used in the case of the upshift and the case of the doWnshift, 
When the vehicle speed increases to effect the upshift, for 
example, the speed is reduced and the speed change line is 
crossed to execute the doWnshift. When this doWnshift is 
executed, the vehicle speed increases again to effect the 
upshift to cause a hunting phenomenon in Which the upshift 
and the doWnshift are repeated in the vicinity of the speed 
change line. In order to avoid this hunting phenomenon, While 
an upshift speed change line is made agree With a fuel 
economy optimum line or an emission cleanup optimum line, 
a doWnshift speed change line is set so that hysteresis is 
secured on a loWer-speed side than the upshift speed change 
line, for example. 

There is also a system called an automatic folloW-up sys 
tem or the like With Which a folloWing distance betWeen the 
oWn vehicle and the preceding vehicle is kept coincident With 
a target folloWing distance and the vehicle travels at a set 
cruising speed. With such a system, even if a speed of the 
preceding vehicle changes, a driving force and a braking force 
of the vehicle are controlled so as to maintain the set target 
folloWing distance. 

Japanese Patent Laying-Open No. 10-306872 discloses an 
automatic shift doWn device related to such a technique. This 
automatic shift doWn device effects doWnshift of an auto 
matic transmission When an actual folloWing distance 
betWeen an oWn vehicle and a preceding vehicle traveling 
ahead of the oWn vehicle is shorter than a target folloWing 
distance based on a vehicle speed and includes a folloWing 
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2 
distance detector for detecting the folloWing distance 
betWeen the oWn vehicle and the preceding vehicle, a vehicle 
speed detector for detecting a speed of the oWn vehicle, an 
accelerator operation detector for detecting operation of an 
accelerator by a driver, and a controller for effecting the 
doWnshift of the automatic transmission When a detection 
value of the folloWing distance detector is smaller than the 
target folloWing distance based on the vehicle speed and the 
accelerator operation detector detects operation of the accel 
erator in a returning direction. 

With this automatic shift doWn device for the vehicle, the 
controller effects the doWnshift of the automatic transmission 
to effect deceleration When the detection value of the folloW 
ing distance detector is smaller than the target folloWing 
distance based on the vehicle speed and the accelerator opera 
tion detector detects operation of the accelerator in a retum 
ing direction, i.e., in synchronization With sensing of the 
driver’s intension to effect deceleration. In other Words, this 
controller determines Whether the driver effects deceleration 
to obtain a safe folloWing distance or Wants to effect accel 
eration for overrunning and overtaking on the basis of 
Whether or not the accelerator has been operated in the retum 
ing direction When the detection value of the folloWing dis 
tance detector is smaller than the target folloWing distance 
based on the vehicle speed. In a case of deceleration, i.e., 
When the accelerator operation detector has detected opera 
tion of the accelerator in the returning direction, the doWn 
shift of the automatic transmission is effected. As a result, 
deceleration by the automatic transmission is effected until a 
foot brake is depressed and deceleration by the foot brake and 
the automatic transmission is effected after the depression to 
thereby perform safe and reliable braking Without delay in 
response. On the other hand, When the accelerator operation 
detector has not detected operation of the accelerator in the 
returning direction, it is determined that the driver is not 
effecting deceleration but effecting acceleration for overrun 
ning or overtaking. As a result, accelerationbecomes possible 
and overtaking or the like can be carried out Without a hitch. 

HoWever, in the automatic shift doWn device disclosed in 
Japanese Patent Laying-Open No. 10-306872, if the driver 
depresses the acceleration pedal to effect acceleration so as to 
overtake the preceding vehicle during an automatic folloW-up 
control, the doWnshift is not effected. Therefore, it is impos 
sible to immediately accelerate the vehicle and it takes much 
time to overtake. Moreover, When the doWnshift is effected 
While passing the doWn shift speed change line by depression 
of the acceleration pedal, a delay time is caused until the 
doWnshift of the automatic transmission is effected after the 
driver demands acceleration and the driver’s intention to 
effect acceleration cannot suf?ciently be realiZed. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a vehicle 
control apparatus for realiZing a driver’s intention to effect 
acceleration Without causing a delay time in a vehicle in 
Which at least an automatic transmission is controlled to make 
a folloWing distance betWeen an oWn vehicle and a preceding 
vehicle coincide With a target folloWing distance. 

According to the present invention, there is provided a 
vehicle control apparatus including a folloWing distance con 
trol unit to control at least an automatic transmission so that a 
folloWing distance betWeen an oWn vehicle and a preceding 
vehicle coincides With a target folloWing distance, an opera 
tion amount detection unit to detect an operation amount With 
regard to an output of a poWer source in an operation unit 
operated by a driver, a speed change determination unit to 
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make a determination to execute a speed change in the auto 
matic transmission on the basis of the operation amount 
detected by the operation amount detection unit and a prede 
termined determination value, and a change unit to change the 
determination value during execution of a following distance 
control by the folloWing distance control unit. 

According to the present invention, if the driver Wants to 
overtake the preceding vehicle during traveling in a traveling 
lane of an expressway having an overtaking lane and during 
execution of the folloWing distance control by the folloWing 
distance control unit, the driver depresses an acceleration 
pedal as an example of the operation unit With regard to the 
output of the poWer source. In this case, a change is made so 
that doWnshift is executed at a loWer acceleration pedal open 
ing degree than an acceleration pedal opening degree (throttle 
opening degree) on a normal doWnshift speed change line. 
Thus, even during execution of the folloWing distance control 
for folloWing the preceding vehicle (normally, this control is 
on the basis of a premise that the vehicle folloWs and therefore 
it is not assumed that the vehicle overtakes the preceding 
vehicle), the doWnshift is executed by only depressing the 
acceleration pedal by a small amount by the driver to thereby 
immediately generate a large driving force required to over 
take. At this time, the so-called poWer-on doWnshift is 
executed. The doWnshift is effected early and delay of doWn 
shift speed change time can be avoided to immediately 
respond to a driver’ s intention to effect acceleration and a rise 
of the revolution number of the poWer source (engine) can be 
prevented. Moreover, because the speed change control is 
executed in a state of a loW revolution number of the poWer 
source (engine), it is possible to suppress increase in heat 
loads on components in frictional engagement With each 
other of the automatic transmission. As a result, it is possible 
to provide the vehicle control apparatus for realiZing the 
driver’s intention to effect acceleration Without causing a 
delay time in a vehicle in Which at least the automatic trans 
mission is controlled so that the folloWing distance betWeen 
the oWn vehicle and the preceding vehicle coincides With the 
target folloWing distance. 

Preferably, the speed change determination unit makes a 
determination to execute a doWnshift speed change of the 
automatic transmission When the operation amount detected 
by the operation amount detection unit exceeds the predeter 
mined determination value. The change unit makes a change 
to reduce the determination value during execution of the 
folloWing distance control by the folloWing distance control 
unit. 

According to the present invention, the determination 
value of the operation amount (e.g., the acceleration pedal 
opening degree) at Which the doWnshift speed change is 
executed is changed to be reduced so that the doWnshift speed 
change becomes more likely to be executed to thereby effect 
the large driving force Without causing the time delay. 

The foregoing and other objects, features, aspects and 
advantages of the present invention Will become more appar 
ent from the folloWing detailed description of the present 
invention When taken in conjunction With the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a control block diagram including an ECU that is 
a vehicle control apparatus according to the present embodi 
ment; 

FIG. 2 is a How chart shoWing a control structure of a 
program executed in the ECU; 
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4 
FIG. 3 is a timing chart shoWing changes over time of an 

inter-vehicle restriction ?ag, an acceleration pedal opening 
degree, and a gear; 

FIG. 4 is a timing chart shoWing a change over time of an 
acceleration acting on a vehicle; 

FIG. 5 shoWs a state of overtaking of a preceding vehicle in 
a conventional control; and 

FIG. 6 shoWs a state of overtaking of a preceding vehicle in 
a control of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An embodiment of the present invention Will be described 
beloW With reference to the draWings. In the folloWing 
description, the same parts are denoted by the same reference 
numerals. The same parts also have the same names and 
functions. Therefore, they Will not be described in detail 
repeatedly. 

With reference to FIG. 1, a poWer train of a vehicle includ 
ing an ECU that is a control apparatus according to the 
embodiment of the present invention Will be described. 
As shoWn in FIG. 1, this vehicle includes an engine 100, a 

torque converter 200, an automatic transmission 300, an ECU 
(Electronic Control Unit) 400 for controlling them, a milli 
meter Wave radar 500 for inputting a signal indicating a dis 
tance betWeen an oWn vehicle and a preceding vehicle to 
ECU, and an acceleration pedal opening degree sensor 600 
for inputting a signal indicating an opening degree of an 
acceleration pedal to ECU 400. 

Although a speed change control applied to the poWer train 
having engine 100, torque converter 200, and automatic 
transmission 300 as shoWn in FIG. 1 Will be described in the 
folloWing description, the present invention is not limited to 
this. The speed change control may be applied to a poWer train 
including a motor, a motor generator, and the like instead of 
the poWer train formed of engine 100, torque converter 200, 
and automatic transmission 300. 
ECU 400 outputs control signals such as a throttle opening 

degree command signal and receives detection signals such as 
an engine revolution number signal to and from engine 100. 
ECU 400 outputs a control signal for commanding a lock-up 
clutch of torque converter 200 to be engaged or disengaged 
(including a slip). ECU 400 outputs a control signal that is a 
hydraulic command signal to automatic transmission 300, 
and detection signals such as an output shaft rotation number 
signal is input to ECU 400 from automatic transmission 300. 

Millimeter Wave radar 500 is a sensor for detecting a cur 
rent folloWing distance in order to realiZe a folloW-up func 
tion of keeping the folloWing distance betWeen the oWn 
vehicle and the preceding vehicle coincident With a target 
folloWing distance, and the detected folloWing distance is 
input to ECU 400. The sensor for detecting the folloWing 
distance is not limited to the millimeter Wave radar. For 
example, the sensor may be a radar not limited to such a 
millimeter Wave and may be other sensors. 
When a button of automatic cruise With a folloW-up func 

tion is pushed by a driver, ECU 400 controls a driving force 
and a braking force of the vehicle so that the folloWing dis 
tance from the preceding vehicle does not become shorter 
than the predetermined target folloWing distance (the folloW 
up function) While maintaining a set cruising speed even if the 
acceleration pedal is not depressed (an automatic cruising 
function). At this time, the folloW-up function takes prece 
dence over the cruising speed set by the automatic cruising 
function. In other Words, if a vehicle speed of the preceding 
vehicle reduces and the folloWing distance coincides With the 
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target following distance, the cruising speed of the automatic 
cruising function is reduced to keep the target following dis 
tance so that the following distance does not become shorter. 

Acceleration pedal opening degree sensor 600 detects the 
opening degree of the acceleration pedal operated by the 
driver. Instead of this acceleration pedal opening degree sen 
sor 600, a throttle valve opening degree sensor may be 
employed. 

With reference to FIG. 2, a control structure of a program 
executed in ECU 400 Which is a control device according to 
the embodiment Will be described. 

In step (hereinafter abbreviated as S) 100, ECU 400 deter 
mines Whether or not a folloWing distance control is being 
executed. At this time, ECU 400 determines Whether or not 
the folloWing distance control is being executed on the basis 
of Whether or not the button of the automatic cruise With the 
folloW-up function is pushed by the driver. If the folloWing 
distance control is being executed (YES in S100), the process 
proceeds to S200. If not (NO in S100), the process ends. 

In S200, ECU 400 detects the opening degree of the accel 
eration pedal. At this time, ECU 400 detects the opening 
degree of the acceleration pedal on the basis of the signal 
input from the acceleration pedal opening degree sensor 600. 

In S300, ECU 400 determines Whether or not the opening 
degree of the acceleration pedal is greater than an opening 
degree threshold (A). This opening degree threshold (A) may 
be a constant or a value de?ned by a map or the like and is set 
to be smaller at least during execution of the folloWing dis 
tance control than that not during execution of the folloWing 
distance control. As parameters of the opening degree thresh 
old (A) in a case Where the threshold is set by the map or the 
like, an acceleration, an acceleration change rate, the vehicle 
speed, a rotation number of an output shaft of automatic 
transmission 300, a revolution number of engine 100, an 
amount of a load on engine 100, an acceleration change 
prospect value (a future acceleration change predicted value 
obtained from road surface unevenness information and a 
travel history), and the like can be considered. If the opening 
degree of the acceleration pedal is greater than the opening 
degree threshold (A) (YES in S300), the process proceeds to 
S400. If not (NO in S300), this process ends. 

In S400, ECU 400 outputs a doWnshift command signal to 
automatic transmission 300. 

Operation of ECU 400 that is the control device according 
to the present embodiment, based on the above structure and 
How chart, Will be described. 

For example, a case in Which the automatic cruising func 
tion With the folloW-up function is executed and the driver of 
the vehicle traveling in a traveling lane of an expressWay 
having tWo lanes in one direction Wants to overtake the pre 
ceding vehicle Will be described. Incidentally, assumptions 
are made that a vehicle speed at this time is 80 to 100 Km/h 
and that the vehicle is cruising at a high speed in the ?fth 
speed change gear of automatic transmission 300. 

If the driver depresses the acceleration pedal because 
he/ she Wants to overtake the preceding vehicle, doWnshift is 
executed When the driver depresses the acceleration pedal 
less than normal (When the automatic cruising function With 
the folloW-up function is not executed) (YES in S300, S400). 
In other Words, as shoWn in FIG. 3, if the inter-vehicle restric 
tion ?ag (this ?ag is in an ON state during execution of the 
automatic cruising function With the folloW-up function) is in 
the ON state (YES in S100), the doWnshift of the gear from 
the ?fth gear to the fourth gear is effected at the opening 
degree threshold (A) Which is a smaller opening degree than 
an acceleration pedal opening degree on a normal ?fth-to 
fourth doWnshift speed change line. In a conventional control, 
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6 
as shoWn in a dotted line in FIG. 3, the doWnshift of the gear 
from the ?fth gear to the fourth gear is effected after a lapse of 
a delay time. On the other hand, according to the control of the 
present invention, When the acceleration pedal opening 
degree greater than the opening degree threshold (A) set to be 
smaller than normal is detected (YES in S300), the doWnshift 
is effected (S400). As a result, in a case in Which the automatic 
cruising function With the folloW-up function is being 
executed as in the conventional art, the doWnshift is effected 
at the smaller acceleration pedal opening degree as compared 
With a case in Which the automatic cruising function With the 
folloW-up function is not being executed to thereby generate 
a large driving force to realiZe a feeling of acceleration 
demanded by the driver. 

FIG. 4 shoWs change over time of the acceleration. In the 
conventional control, the acceleration does not increase 
unless the acceleration pedal is depressed to an acceleration 
pedal opening degree corresponding to a ?fth-to-fourth 
doWnshift speed change line not during execution of the auto 
matic cruising function With the folloW-up function. In other 
Words, after the lapse of the delay time, the acceleration 
increases. On the other hand, in the control of the present 
invention, as shoWn in a solid line in FIG. 4, a desired accel 
eration can be effected Without causing the delay time. 

By effecting the large driving force by the doWnshift in this 
manner, the large acceleration is provided to the vehicle With 
out causing the time delay. This Will be described by using 
FIGS. 5 and 6. 

As shoW in FIG. 5, in the conventional control, during 
execution of the automatic cruising function With the folloW 
up function, the doWnshift is executed and the acceleration 
increases after the vehicle turns into an overtaking lane in 
order to overtake the preceding vehicle. In other Words, after 
depressing the acceleration pedal and operating a steering 
Wheel to turn into the overtaking lane (here, an assumption is 
made that a timing after the lapse of the delay time is after a 
timing of this lane change), the doWnshift is effected and the 
acceleration increases. On the other hand, as shoWn in FIG. 6, 
in the control of the present invention, because the doWnshift 
is effected Without the delay time, the doWnshift is executed 
and the acceleration increases before the vehicle turns into the 
overtaking lane in order to overtake the preceding vehicle. As 
a result, it is possible to sWiftly effect acceleration since the 
lane change to thereby overtake the preceding vehicle. 
As described above, With ECU that is the control device 

according to the present embodiment, in the vehicle con 
trolled so that the folloWing distance betWeen the oWn vehicle 
and the preceding vehicle is made coincident With the target 
folloWing distance, it is determined that a driver intends to 
overtake the preceding vehicle When the driver depresses the 
acceleration pedal. In this case, in the case in Which the 
folloW-up control is being executed, as compared With the 
case in Which the folloW-up control is not being executed, the 
doWnshift is executed at the smaller acceleration pedal open 
ing degree. In this Way, it is possible to execute the doWnshift 
earlier than normal (When the folloW-up control is not being 
executed). As a result, the doWnshift is executed immediately 
in response to a driver’s demand for overtaking (demand for 
acceleration) to thereby realiZe a large acceleration. 

Although the present invention has been described and 
illustrated in detail, it is clearly understood that the same is by 
Way of illustration and example only and is not to be taken by 
Way of limitation, the spirit and scope of the present invention 
being limited only by the terms of the appended claims. 
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What is claimed is: 
1. A Vehicle control apparatus comprising: 
a following distance control unit con?gured to control at 

least an automatic transmission so that a folloWing dis 
tance betWeen the Vehicle and a preceding Vehicle coin 
cides With a target folloWing distance; 

an accelerator pedal opening degree detection unit con?g 
ured to detect an opening degree of an acceleration 
pedal; 

a speed change determination unit con?gured to make a 
determination to execute a speed change in said auto 
matic transmission on the basis of the opening degree of 
an acceleration pedal detected by said accelerator pedal 
opening degree detection unit and a predetermined 
determination Value; and 

a change unit con?gured to reduce said determination 
Value While folloWing distance control is performed by 
said folloWing distance control unit, 

Wherein said speed change determination unit is con?g 
ured to make a determination to execute a doWnshift 
speed change of said automatic transmission When the 
opening degree of the acceleration pedal detected by 
said accelerator pedal opening degree detection unit 
exceeds the predetermined determination Value. 

20 

8 
2. A Vehicle control apparatus comprising: 
folloWing distance control means for controlling at least an 

automatic transmission so that a folloWing distance 
betWeen the Vehicle and a preceding Vehicle coincides 
With a target folloWing distance; 

acceleration pedal opening degree detection means for 
detecting an opening degree of an accelerator pedal; 

speed change determination means for making a determi 
nation to execute a speed change in said automatic trans 
mission on the basis of the opening degree of an accel 
erator pedal detected by said acceleration pedal opening 
degree detection means and a predetermined determina 
tion Value; and 

change means for reducing said determination Value While 
folloWing distance control is performed by said folloW 
ing distance control means, 

Wherein said speed change determination means includes 
means for making a determination to execute a doWn 
shift speed change of said automatic transmission When 
the opening degree of an accelerator pedal detected by 
said acceleration pedal opening degree detection means 
exceeds the predetermined determination Value. 

* * * * * 


